Temporal meson correlators and their spectral functions are calculated in the deconfined phase using the hard thermal loop resummation technique. The spectral functions exhibit strong medium effects coming from the hard thermal loop approximation for the quark propagator. The correlators, on the other hand, do not differ significantly from free correlators, for which bare quark propagators are used. This is in contrast to lattice calculations showing a clear deviation from the free correlations functions.
Introduction
QCD Lattice calculations have been used successfully for studying hadron properties at zero temperature. At finite temperature there is a sudden change of these properties as soon as the critical temperature T c for the deconfinement transition has been reached. However, in particular in the pseudo-scalar channel the mesonic correlation functions differ clearly from free correlators, describing freely propagating bare quarks, even above T c 1 . These deviations could be caused either by bound states of quarks above T c or by in-medium modifications of the collective quark modes in the QGP. In order to investigate the origin of the non-trivial correlations we calculate temporal meson correlations functions using the hard thermal loop (HTL) resummation technique 2 . This improved perturbation theory for QCD at high temperatures (T ≫ T c ) takes into account important medium effects of the QGP such as effective, temperature dependent quark masses and Landau damping 3 . Therefore it is interesting to investigate to what extent the HTL approximation for the mesonic correlators is able to explain the lattice results. In particular tema Talk given at the "Strong and Electro-Weak Matter" Conference (14-17 June 2000, Marseille) poral correlators and their spectral functions, which we will consider in the following exclusively, yield interesting information about hadronic properties at finite temperature.
Meson Correlators and Spectral Functions
Meson correlators are defined as expectation values
Here q(x) denotes the quark wave function and Γ M = 1, γ 5 , γ µ , γ µ γ 5 the quarkmeson vertex corresponding to the mesonic channel (scalar, pseudo-scalar, vector, pseudo-vector) under consideration. The temporal correlator, defined as the limit x = 0 of the correlation function, is related to the correlation function in momentum space by
where ω n = 2πnT are the bosonic Matsubara frequencies.
An interesting quantity which we will study in the following is the spectral function of the mesonic correlator. As we will see, the spectral function contains much more information about medium effects in the QGP than the correlator itself. It is defined as
Using (2) and (3) the temporal correlator can be expressed by
Free Correlators
The free mesonic correlators follow from the one-loop self-energy diagram of Fig.1(a) containing bare quark propagators. In momentum space the correlation function reads where k 0 = i(2n + 1)πT are the fermionic Matsubara frequencies. This leads to the following expression for the spectral functions of the free temporal correlator
where (2, 1) , and (−2, 3) in the scalar, pseudo-scalar, vector, and pseudo-vector case, respectively. For massless bare quarks, m = 0, |σ ps | = |σ s | and |σ pv | = |σ v | hold, reflecting chiral symmetry. For m = 0 analytic expressions can be derived 4 for the temporal correlator from (6) using (4) . For large real times t → ∞ they reduce to G M (t) ∼ exp(−µt), with the screening mass µ = 2πT . The same screening mass has also been found for spatial correlators at large distances 4 .
HTL Approximation
Now we want to consider the HTL approximation for the temporal correlator and its spectral function using HTL resummed propagators and vertices as shown in Fig.1(b) . In this way important medium effects of the high temperature plasma, namely effective temperature dependent quark masses and Landau damping are taken into account. The HTL quark propagator in the imaginary time formalism can be written as
where n F (ω) = 1/(1 + exp(ω/T )) is the Fermi distribution. It is convenient to decompose the spectral function of the HTL quark propagator according to its helicity eigenstates
where
Here the first term of (9) comes from the poles of the HTL propagator with the in-medium quark dispersion relation ω ± (k). This dispersion relation exhibits two branches, of which the upper one (ω + ) corresponds to a collective quark mode and the lower one (ω − ) to a plasmino having a negative ratio of helicity to chirality and being absent in vacuum 5 . The plasmino dispersion shows a minimum at non-vanishing momentum as a general property of massless fermions in relativistic plasmas 6 . The cut contribution, coming from the imaginary part of the quark self energy which describes Landau damping, reads
where the effective quark mass in the HTL approximation is given by m q = g(T )T / √ 6. According to the above decomposition of the quark propagator in a pole and a cut contribution, the spectral function of the temporal correlator following from Fig.1(b) can be written as a sum of a pole-pole, pole-cut, and a cut-cut term, σ HTL (ω) = σ pp (ω) + σ pc (ω) + σ cc (ω). The most interesting term is the pole-pole contribution, for which we obtain for the pseudo-scalar spectral function
Here we have neglected the HTL vertex correction in Fig.1(b) since in the case of the (pseudo-)scalar correlator it leads to higher order corrections only, as in Yukawa theory 7 . The momenta k i n are determined from the zeros of the equations ω − 2ω Surprisingly the temporal correlator following from integrating over ω according to (4) is similar to the free one in spite of the significant structures showing up in the spectral function (right panel of Fig.2 ). There is a cancellation of the (due to the effective quark mass) reduced pole-pole contribution compared to the free correlator and the additional pole-cut and cut-cut con-tributions to a large extent.
A similar behavior can be observed for the temporal vector correlator 8 . In this case a HTL quark-meson vertex has to be considered as in the case of the closely related soft dilepton production rate 5 . The pole-pole contribution to the spectral function contains again Van Hove singularities at the same energies as in the pseudo-scalar case. However, the cut-cut contribution diverges now for small energies like σ v cc (ω) ∼ 1/ω leading to a singular result for the temporal vector correlator after integrating over ω.
Conclusions
Lattice calculations of meson correlators in the deconfined phase show a clear deviation from the free correlation functions in particular in the pseudo-scalar channel. The long range behavior of free correlators in time and space can be described by a screening mass µ = 2πT corresponding to the propagation of two bare quarks. Using HTL resummed quark propagators instead of bare ones, medium effects, such as thermal quark masses and Landau damping, due to interactions with the thermal particles of the QGP are taken into account. This leads to sharp structures (Van Hove singularities, energy gap) in the spectral functions of the temporal correlators. However, the correlators following from their spectral functions by an energy integration are close to the free correlators due to a partial cancellation of the pole-pole and the cut contributions in the HTL approximation. In other words, HTL medium effects appear not to be sufficient to explain the lattice results. This supports speculations about bound states or other non-perturbative effects in the QGP close to the critical temperature.
